PRESCOTT. Proteolytic activity and general characteristics of a marine bacterium, Aeromonas proteolytica sp. n. J. Bacteriol. 87:1227 Bacteriol. 87: -1233 Bacteriol. 87: . 1964 .-A highly proteolytic bacterial species was isolated from the alimentary canal of the marine borer, Limnoria. The morphological and biochemical characteristics of the organism indicated that it was a new Aeramonas species, for which the name A. proteolytica is proposed. When freshly isolated, the organism required seawater for growth; but, upon prolonged culture in the laboratory, it was able to grow in media of greatly reduced salt concentration, provided that relatively large amounts of peptone were supplied. Peptone or hydrolysates of casein were capable of supplying all organic nutrients required for growth and proteinase production. Certain individual amino acids were also able to furnish all energy, carbon, and nitrogen requirements. Inorganic nitrogen was utilized in the presence of citrate, but could not serve as the only source of nitrogen in the presence of glucose. The organism was facultatively anaerobic, but best growth and proteinase production occurred only with vigorous aeration. The amount of growth obtained in 24 hr increased rapidly as the incubation temperature was increased up to a maximum of 40 C, but no growth occurred at 42 C.
Wlre previously reported the existence of a highly proteolytic bacterial species isolated from a marine environment (Merkel and Miami, Miami, Fla. 1958), and subsequently described some of the enzymatic characteristics of a proteolytic system in culture filtrates of this organism (Prescott and Willms, 1960a) . This organism was used in studies on digestion of algal proteins (Merkel, Braithwaite, and Kritzler, 1961) , and a purified proteolytic fraction from its culture filtrates was prepared (Prescott and Willms, 1960b) .
Although our interest has centered principally on the metabolism of this organism and on the proteolytic enzymes which it produces, we deemed it important to describe its morphological, cultural, and nutritional characteristics for future reference. (A culture of this organism has been deposited in The American Type Culture Collection.)
MATERIALS AND METHODS
Isolation of the organism. The bacterium was isolated from the intestine of a small, wood-boring isopod crustacean, Limnoria tripunctata (Merkel and Traganza, 1958) . The animals were collected from wooden pilings at the Fort Johnson Marine Biological Laboratory, Charleston, S.C. They were externally sterilized and aseptically dissected; a portion of the intestine with its contents was streaked on the surface of seawater-nutrient agar plates. Upon incubation for 18 hr at 25 C, all of the plates showed heavy bacterial growth of a spreading type, in addition to other types of colonies. A pure culture of the spreading organisms was obtained by transferring an inoculum from the edge of spreading colonies to the surface of seawater-nutrient agar plates which had been poured about 1 week before use. Numerous transfers were made from surface and subsurface colonies to assure the purity of the culture. MIedia used in testing the utilization of carbohydrates were prepared by adding sufficient sterile Redi-discs (Pennsylvania Biological Laboratories, Inc., Philadelphia, Pa.) to produce a 0.5% carbohydrate concentration in nutrient broth made with aged seawater, to which bromothymol blue or bromeresol purple was added. Durham tubes were used to detect any gas production. The tests were repeated several times, with the use of carbohydrates from other sources in some cases. In addition, the fermentative utilization of carbohydrates was confirmed by the technique of Hugh and Leifson (1953) , whose medium was modified for use with the marine bacterium by adding 2 g of enzymatically hydrolyzed casein (Mann Research Laboratory, New York, N.Y.), 0.3 g of K2HPO4, 3 g of agar (Difco), and 0.03 g of bromothymol blue to 1 liter of aged seawater. The basal medium was distributed in culture tubes (6 ml per tube), cotton-plugged, and autoclaved. After sterilization, Redi-discs containing the carbohydrates were added to duplicate tubes to produce a 0.5% carbohydrate solution. All tubes were inoculated with a suspension prepared from a 24-hr culture, and one set of tubes was covered with about d; in. of sterile petrolatum. All tubes were incubated at 28 C.
Standard bacteriological tests. Procedures used in determination of bacterial characteristics were taken principally from the 3Ifanual of Mlicrobiological Methods (Society of American Bacteriologists, 1957) .
Procedures for nutritional experiments. Nutritional experiments were performed in 125-or 250-ml Erlenmeyer flasks on a rotary shaker at 25 C unless otherwise indicated. Some experiments which were too large for the incubator were incubated in a room in which the temperature varied from 25 to 27 C. Inocula were grown in medium containing 1 % peptone in seawater with added FeSO4 and K2HPO4. The For the assays, 5 ml of substrate solution were incubated with 1 ml of enzyme at 37 C, usually for 5 min. Time values and enzyme concentrations were always within the proportional range. The addition of 10 ml of 5% trichloroacetic acid terminated enzyme action and precipitated undigested protein, which was removed by filtration through Whatman no. 3 paper. The absorbance of the filtrate was then determined at 280 m,u with a Beckman DU spectrophotometer.
RESULTS
Morphological and physiological characteristics of the bacterium. The microorganism isolated was a gram-negative, actively motile rod, approximately 0.6 to 0.8 by 1.1 to 1.8 j, as measured with ocular micrometers on methylene blue-stained bacteria and by calibrated electron micrographs (Fig. 1) . The presence of a single polar flagellum was revealed by electron microscopy and by staining (Leifson, 1930 (Leifson, , 1951 . It was acid nonfast, and did rot produce endospores or an appreciable capsule in the media used in our studies. Colonies produced by the bacterium on nutrient agar-seawater or seawater-peptone agar were flat, circular, gray-white, and glistening, anid spread rapidly on slightly moist surfaces. Young cultures exhibited active streaming; 24 hr of growth on slant agar media at 25 C covered the entire surface of the slant. Incubation of slants for longer than 48 hr generally resulted in the production of a cream to yellow-brown pigment in the organisms. Growth for 22 hr in culture tubes containing 10 ml of nutrient broth-seawater resulted in heavy, evenly turbid growth throughout the entire tube, with a heavier film of organisms at the surface.
The ability of the organism to utilize various carbohydrates is illustrated in duced acid from some carbohydrates, but did not produce gas from any of those attacked. The results were identical when nutrient broth-carbohydrate medium or the semisolid fermentation medium of Hugh and Leifson (1953) was used.
With the latter method, the ability of this bacterium to attack the carbohydrates fermentatively was demonstrated. The bacterium utilized the sugars under both aerobic (open tube) and anaerobic (closed tube) conditions with the production of acids, but it did not produce gases (Table 1) .
The organism gave a positive Voges-Proskauer test and a positive methyl red test. A small amount of growth was obtained with 48 hr of incubation in Koser's citrate medium prepared with seawater.
Indole was produced in media containing tryptophan. The ability to produce indole apparently increased after several years of maintenance on laboratory media. Nitrates were reduced to nitrites, but reduction did not proceed to N2. Ammonia was produced in media which provided amino or peptide nitrogen. Hydrogen sulfide was not produced in triple sugar-iron agar or in peptone-iron-seawater agar. Gelatin and litmus milk were both liquefied. The organism was catalase-and cytochrome oxidase-positive (Schaub and Foley, 1943) and lipolytic.
Heavy growth was dependent upon aeration, and best growth was obtained with forced aeration combined with agitation. Growth under optimal conditions was very rapid and heavy. The optimal temperature for growth was between On the basis of the above physiological and cytological characteristics, we placed the bacterium in the family Pseudomonadaceae. Accepting the view that the Aeromonas group encompasses both aerogenic and anaerogenic species (Ewing, Hugh, and Johnson, 1961) , we place the bacterium in the genus Aeromonas, and are tentatively assigning the name Aeromonas proteolytica to it. The bacterium does not appear to be identical to any described in Bergey's MIanual of Determinative Bacteriology (Breed, Murray, and Smith, 1957) .
Nutritional characteristics: salt concentration. When freshly isolated, the organism failed to grow unless the medium contained seawater. After being cultured in the laboratory for long periods, it could be subcultured in media of greatly reduced salt content, but even after 6 years of storage and transfer on nutrient agar prepared with seawater, the organism would not grow on nutrient agar prepared with distilled water. However, it could be grown in the complete absence of seawater in media containing 5% peptone with added KJHPO4 and FeSO4-7H20. Figure 3 shows the effect of seawater concentration on growth at two levels of peptone. The growth on 5% peptone in the absence of seawater may reflect an osmotic effect; separate tests were not made to determine this.
The routine addition of FeSO4 to the medium was done to insure the presence of adequate levels of iron, because other marine bacteria were shown to require iron supplementation for optimal growth (MacLeod and Onofrey, 1956) . Similarly, K2HPO4 was added to insure adequate levels of phosphate. When the essentiality of this supplementation was tested, however, growth was only slightly better with added iron or phosphate, or both, than when they were omitted. The effects of supplementation were even less pronounced when high levels of peptone were provided, possibly because of contamination of the peptone with these ions. Figure 4 shows the growth, and Fig. 5 the proteinase production, obtained with two lots of peptone and one lot of proteose-peptone. One lot of peptone obviously contained materials which were inhibitory to the marine bacterium.
Several individual amino acids were capable of serving as the sole source of organic nutrients. Amino acids which were capable of supporting growth included L-histidine, L-glutamic acid, L-proline, L-alanine, and L-asparagine. Growth on single amino acids was never as rapid or as heavy as with peptone. Proteolytic enzymes occurred in 
DisCUSSION
The characteristics of the marine bacterium indicated that it was not identical to any species described by Breed et al. (1957) , and that it was, therefore, to be considered a novel species, whose properties place it among the Pseudomonadales. We assigned the organism to the genus Aero- (Hugh and Leifson 1953; Park, 1962) , produces indole, has pronounced proteolytic activity, gives a positive Voges-Proskauer reaction (Kluyver and vanNiel, 1936) , and produces a positive cytochrome oxidase test (Ewing et al., 1961 ). Ewing et al. (1961 included both aerogenic and anaerogenic forms in the genus Aeromonas; hence, the failure of our strain to produce gas from carbohydrates should not be considered a reason for its omission from this genus.
Among the bacteria isolated from marine environments, members of Pseudomonadales appear to be widespread, and a number of them are proteolytic (ZoBell and Upham, 1944; Brisou and Vargues, 1961; press). Although there are no clear-cut criteria for the differentiation of inshore isolates of "true" marine from terrestrial bacteria, A. proteolytica did require seawater for growth when freshly isolated, and its respiration (unpublished data) is greatly inhibited in dilute phosphate buffer (Merkel, Carlucci, and Pramer, 1957) . We therefore consider this to be a true marine bacterium.
The simple nutritional requirements of our organism are similar to those of several strains of marine bacteria studied by Ostroff and Henry (1939) , who also found certain amino acids to be the best sole sources of carbon, energy, and nitrogen. Also comparable are the identities of some of the amino acids which these workers found effective. The inability of our organism to utilize inorganic nitrogen compounds in the presence of glucose was similar to that of most of the strains studied by Ostroff and Henry (1939) . MacLeod, Onofrey, and Norris (1954) pointed out that more marine bacteria may be capable of utilizing ammonium salts when a more suitable carbon source than glucose is provided, because a number of strains which they studied were unable to utilize glucose. This contention is borne out by our results in citrate utilization tests. Although growth is slow and relatively poor, citrate and sodium ammonium phosphate can provide the carbon and nitrogen requirements of A. proteolytica.
The production of proteolytic enzymes in media containing a single amino acid is evidence that these enzymes are not adaptive, although the possibility exists that a number of serial transfers on such a simple medium might result in a reduction of enzyme production. The organism has proved highly suitable for the study of bacterial proteinases, because it grows rapidly in simple, inexpensive media and produces high activity (Prescott and Willms, 1960a) . Further work is currently being directed to the complete fractionation of the proteolytic enzymes produced by this organism, and to elucidation of the cultural and physiological factors affecting such enzvme production.
